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DESCRIPTION 
APPARATUS FOR DETECTING CHEMOTAXIS OF CELLS 

Technical Field 
This invention relates to an apparatus for detecting 
chemotaxis of cells. More particularly, it relates to an 
apparatus by which chemotaxis of cells can be detected by using 
a microquantity of cells and which has a structure ensuring to 
easily control cell positioning in a microwell and maintain a 
stable concentration gradient of a specimen such as a 
chemotactic factor in a channel. 




Background Art 
As will be discussed hereinafter, the present inventors 
have made several proposals about apparatuses for detecting 
chemotaxis of cells by which chemotaxis of cells can be detected 
with the use of a microquantity of cells by supplying a cell 
suspension into a well, supplying a specimen into another well 
and examining whether or not the cells migrate toward the well 
containing the specimen via a channel provided between the wells . 
Use of an apparatus for detecting chemotaxis of cells enabling 
the observation and detection at the single cell level and 
allowing measurement with the use of about 10 to 100 cells, if 
possible, offers such advantages that scarce cells can be easily 
examined and cell reactions can be quantitatively analyzed and 
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studied. In a structure wherein individual wells, which are 
connected to each other via channels, have each a cell injection 
port and a specimen injection port, wells together form a 
connecting tube via the channels and, in its turn, a liquid 
frequently migrates in the channels. In the step of injecting 
a specimen such as cells into a well, namely, there frequently 
arises an increase in pressure, which results in unexpected 
migration of cells or the specimen in many cases. In the case 
wherein wells are not completely leveled after the injection 
or micromovements occur on the liquid level due to, for example, 
vibration, the transportation of the liquid in the channel is 
amplified so as to frequently cause migration of cells or a 
specimen. Such unexpected migration of cells or a specimen 
causes confusion in the judgment whether the specimen is a 
chemotactic factor or not. To accurately detect the migration 
of cells, which perceive the concentration gradient due to the 
diffusion of the specimen, toward a well containing a specimen, 
it is therefore required to strictly prevent the unexpected 
migration of the liquid in the wells involving the channels. 
To further exactly understand the chemotaxis of cells, it is 
desirable that individual cells are located in the same state 
in a well, i.e., forming a line toward a channel, at starting. 

The present inventors have previously proposed that, in 
the case of injecting or aspirating a sample into a well having 
a tube for injecting/aspirating a sample such as a cell or a 
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chemotactic factor with a micropipette or the like, a rapid 
change in pressure in a well can be relieved and unexpected 
migration of the sample in the well can be prevented by providing 
another tube connecting to the tube for injecting or aspirating 
the sample ( JP-A-2002-159287 ) . In this case, use is made of 
the structure wherein the pressure in injecting or aspirating 
a sample is dispersed through the connecting tube. 

The present inventors have further proposed amicrosample 
treatment apparatus such as an apparatus for detecting 
chemotaxis of cells wherein, in a structure comprising a plural 
number of wells being connected to each other via a part having 
resistance to fluids and individual wells being provided with 
tubes for injecting/aspirating a sample and, if necessary, 
tubes for relieving pressure changes at the 
injection/aspiration, these tubes have a space in common at the 
top ends thereof in which a liquid can be held (WO 02/46356) . 
By employing the structure wherein all of the tubes provided 
in individual wells have a space in common at the top ends thereof 
in which a liquid can be held, the migration of a liquid at the 
step of injecting a sample and thereafter can be prevented. In 
this apparatus, moreover, the positions of the injected cells 
in a well can be controlled so as to align the cells along the 
start line at one end of a channel. For this purpose, this 
apparatus has a means of precisely controlling the 
injection/discharge of a liquid in a well. 



To align cells injected into a well along the start line 
at one end of a channel, the liquid in the well should be moved 
and delicate control is required therefor. To prevent the 
subsequent migration of the liquid in the channel, it is also 
required to return the liquid into the space at the top ends 
of the tubes. That is, complicated and strictly controlled 
procedures are necessary therefor. 

In addition to the present inventors' proposals as 
described above, there has been known an apparatus for detecting 
chemotaxis of cells wherein wells containing cells and a 
specimen are connected to each other via channels and the wells 
are provided with a means of sealing injection ports for the 
cells and the specimen if necessary (USP5744366) . In this 
apparatus, however, cell positioning cannot be controlled in 
a well and it is therefore impossible to adjust the conditions 
of the cells at starting. 

An object of the present invention is to further improve 
such an apparatus and thus provide a structure for detecting 
chemotaxis of cells at an elevated accuracy with the use of a 
microquantity of cells. Namely, an object of the present 
invention is to provide an apparatus for detecting chemotaxis 
of cells by which cells or a specimen can be easily injected 
and position control of the injected cells can be easily carried 
out while ensuring the prevention of unexpected migration of 
the cells definitely positioned in a well or the injected 
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specimen so that a stable concentration gradient due to the 
diffusion of the specimen can be maintained and which ensures 
further automated operation and controlling. 

Related Documents 

1. JP-A-2002-159287 

2. WO 02/46356 

3. USP 5744366 

Disclosure of the Invention 

The present invention relates to: (1) an apparatus for 
detecting chemotaxis of cells with a structure wherein two wells 
are connected to each other via a channel and each well has an 
opening for injecting cells or a specimen, which has a means 
of transporting a liquid for controlling positioning of cells 
suspended in the well and a means of stopping the transportation 
after the injection or the aspiration discharge of the liquid, 
and a means of sealing the opening (s) in one or both of the 
cell-injection side and the specimen-injection side. 

As a preferable example of (2) a member having both of 
the means of transporting a liquid and the means of stopping 
the transportation, a pulse pump or a syringe can be cited. 

As a preferable example of (3) the means of sealing the 
opening, a flexible stopper, a slide-type switching member, a 
tap, a valve or a combination thereof may be cited. 



In an embodiment of the present invention, an apparatus 
for detecting chemotaxis of cells comprising a substrate having 
two wells provided in both sides of a bank and a glass substrate 
pressed against the substrate, wherein a channel having 
resistance to the passage of suspended cells is formed between 
the bank and the glass substrate, may be cited. In this 
apparatus, the substrate has an opening for transporting a 
liquid between the substrate and the glass substrate. The 
opening has a means/member of transporting a liquid by injection 
or aspiration and discharge and then stopping the 
transportation. Further, one of the wells formed in the 
substrate has a cell-injection port while the other well has 
a specimen-injection port. Moreover, a means/member of 
sealing one or both of these injection ports is provided. 

In this case, a channel having resistance to the passage 
of suspended cells is formed between the bank provided on the 
substrate and the glass substrate. Further, a terrace may be 
provided in the upper part of the bank to form a gap fit for 
the diameter or def ormability of cells between the terrace and 
the glass substrate. It is also possible to form a barrier 
having one or more grooves having a width fit for the diameter 
or deformability of cells in the terrace on the bank in the 
channel. If necessary, a gap fit for the diameter or 
deformability of cells can be formed between the barrier and 



the glass substrate too. Moreover, arrays of the barriers 
constituting the grooves may be formed at two positions on the 
terrace in the channel. It is also possible that multistage 
terraces are formed on the bank in the channel so as to form 
gaps with different depths between the terraces and the glass 
substrate. 

In another embodiment, the present invention provides a 
structure wherein the substrate and the glass substrate are 
integrated together and at least one of the faces thereof is 
transparent . 

The present invention includes in its scope an 
integration apparatus for detecting chemotaxis of cells 
consisting of a plural number of units of the same or different 
types with the use of the above-described apparatus for 
detecting chemotaxis of cells as a single unit. Moreover, it 
includes an integration apparatus for detecting chemotaxis of 
cells consisting of a plural number of integration units of the 
same or different types with the use of the above-described 
integration unit as a single unit. 

Brief Description of Drawings 
Fig. 1 is a model view showing an example of an apparatus 
for detecting chemotaxis of cells in which cells are brought 
together at one end of a bank through the transportation of a 
liquid from the cell-injection port side. In this figure, an 



arrow indicates the transportation direction of the liquid 
filling up the apparatus. 

Fig. 2 is a model view showing a case wherein a syringe 
is employed as a substitute for the pulse pump shown in Fig. 
1. 

Fig. 3 is a model view showing a case of using a valve 
as a sealing means. In this figure, an arrow indicates the 
transportation direction of the liquid filling up the 
apparatus . 

Fig. 4 is a model view showing a case of using a slide-type 
switching member as a sealing means. 

Fig. 5 is a model view showing a case wherein a 
specimen-injection port is switched on/off in addition to the 
structure as shown in Fig. 4. 

Fig. 6 is a model view showing a case of using a flexible 
stopper as a sealing means. 

Fig. 7 is a model view showing an example of an apparatus 
for detecting chemotaxis of cells in which cells are brought 
together at one end of a bank through the aspiration and 
discharge of a liquid from the specimen-injection port side. 
In this figure, an arrow indicates the transportation direction 
of the liquid filling up the apparatus. 

Fig. 8 is a model view showing a structure of the same 
type as in Fig. 7 wherein a liquid is circulated. In this figure, 
an arrow indicates the transportation direction of the liquid 
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filling up the apparatus. 

Fig, 9 is a model view showing a structure wherein a 
cell-injection port is sealed in the type of Fig. 8. Figs. 9(1) 
and (3) are sectional views, while (2) and (4) are respectively 
top plan views. In this figure, an arrow indicates the 
transportation direction of the liquid filling up the 
apparatus . 

Fig. 10 is a model view showing a structure wherein a 
cell-injection port and a specimen-injection port are both 
sealed. 

Fig. 11 is a model view showing a case wherein a plural 
number of units of the type shown in Fig. 6 are integrated. 

Fig. 12 is a model view showing a case wherein a plural 
number of units of the type shown in Fig. 10 are integrated. 

Fig. 13 is a sectional view showing an example of the 
structure of a bank and a channel. 

Fig. 14 shows an example of a case wherein a barrier and 
a groove are formed in a channel. 

Fig. 15 shows an example wherein arrays of the barriers 
constituting the grooves are formed at two positions on a 
terrace, wherein Fig. 15(1) is a top plan view while (2) is a 
sectional view. 

Description of Reference Numerals 
1: substrate 
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2 : bank 

3: cell-holding well 

4: specimen-holding well 

5: cell-injection port 

6: specimen-injection port 

7: pulse pump 

8: injection pipe 

9: channel having resistance to the passage of cell 
10: glass substrate 
11: detector 
12: cell 
13: syringe 

14: liquid-injection means 
15: cell suspension tank 
16: valve 

17: slide-type switching member 

18: liquid-injection port 

19: flexible stopper 

20: cell injector 

21: aspiration discharge pipe 

22: specimen injector 

23: terrace 

24: barrier 

25: groove in the direction toward the opposite well 
across channel 

10 



26: mark for positioning on screen 



Best Mode for Carrying Out the Invention 
The apparatus for detecting chemotaxis of cells according 
to the present invention is an apparatus having a structure 
wherein two wells are connected to each other via a channel 
having resistance to the passage of cells. After supplying a 
cell suspension in one of these wells, the cells are aligned 
at one end of the channel. Next, a specimen is supplied into 
the other well. Thus the passage of the cells perceiving the 
concentration gradient of the specimen toward the well holding 
the specimen can be observed or the cells under passage or having 
been passed can be counted. 

The channel having resistance to the passage of cells as 
described above means a flow path for cells having a gap through 
which a cell in the non-adsorbed state (usually having a 
spherical shape) cannot pass but a cell changing into a flat 
shape due to its def ormability can pass. The term 
"deformability" of a cell as used herein means that, in case 
of a flexible cell, the cell can easily change its shape (for 
example, into flat or string-shaped cells) owing to the 
flexibility and thus can pass through a gap having a smaller 
size than the diameter of the cell being in the inherent 
spherical shape in a free space. 

The characteristic of the apparatus for detecting 
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chemotaxis of cells according to the present invention resides 
in, in addition to the fundamental structure as discussed above, 
having a means of injecting or aspirating/discharging a liquid 
for controlling cell positioning in a well and a means of 
stopping the transportation of the liquid after the aspiration 
discharge, and, furthermore, having a means of sealing the 
opening (s) in one or both of the cell-injection side and the 
specimen-injection side after the injection of cells into the 
well . By providing the means of transporting cells by inj ecting 
or aspirating/discharging a liquid, the cells can be easily 
aligned along the start line at one end of the channel. By 
sealing the opening (s) in one or both of the cell-injection side 
and the specimen-injection side, no movement of the liquid level 
arises in the wells constituting a connecting tube via the 
channel and, in its turn, no transportation of the liquid arises 
in the channel. That is to say, it is possible to prevent cells 
from unexpected migration in the channel or a change in the 
concentration gradient of the specimen formed in the channel 
even though the apparatus is vibrated. The means of stopping 
the transportation of a liquid is needed in order to completely 
seal the opening (s) after the injection or the aspiration 
discharge of the liquid. 

Next, this structure will be illustrated by referring the 
model views Figs. 1(1) and (2) . A raised bank 2 is formed on 
a substrate 1 and a channel 9 having resistance to the passage 
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of cells is formed between the bank 2 and a glass substrate 10. 
First, a cell suspension is supplied by a liquid-inj ection means 
(a pulse pump 7 in Fig. 1) from a cell-injection port 5 into 
a cell-holding well 3 via an injection pipe 8. The cells are 
brought together at one end of the channel 9 having resistance 
to the passage of cells due to the flow of the liquid and the 
excessive liquid is discharged from a specimen-injection port 
6 (see 12 in (2) ) . Since a cell transported to the end of the 
channel 9 blocks the liquid flow, the liquid flow passes through 
a cell-free part. As a result, the space is filled up with other 
cells and thus cells are aligned at the end of the channel 9. 
Although it is not necessary to strictly define the injection 
speed of the cell suspension, it is favorable to control the 
transportation speed to about 30 to 40 [m/ sec in the case of, 
for example, using neutrophils or eosinophils and the channel 
gap size being 5 jim. Next, the liquid transportation is stopped 
by the pulse pump 7 and the injection pipe 8 is closed, thereby 
sealing the cell-injection port. Then a chemotactic factor is 
injected from a specimen-injection port 6. Since the 
cell-injection port is sealed in this step, the back-flow of 
the liquid can be prevented and the alignment of the cells at 
one end of the channel 9 is not disordered. Also, no unexpected 
migration of the liquid arises in the channel. Thus, the cells 
perceive the concentration gradient of the specimen (for 
example, a chemotactic factor) having been stably formed in the 



channel 9, undergo deformation and thus migrate toward the 
specimen-holding well side via the channel 9. The passage is 
observed through the glass substrate 10 by using a detector 11. 

As an example of the pulse pump to be used as the 
liquid-injection means, an apparatus for pulsing liquid 
transportation in small portions through a liquid-transport 
pipe, which is driven by compressed air pressure, may be cited. 
By using this apparatus, a liquid can be quantitatively 
transported at an order of 1 jal to 1/10 fil . It is also possible 
to seal the transport pipe. As such an apparatus, for example, 
there has been known MSL Active Microfluidic Chip Control 
Hardware (tradename) marketed from Fluidigm Corporation (South 
San Francisco, CA) . In addition to the above-mentioned one, 
there has been known an apparatus with the use of the vibration 
of a piezoelectric element as a means of pulsing liquid 
transportation. Use can be made of any of these apparatuses 
as the liquid-injection means in the present invention. Since 
a pipe cannot be sealed in the apparatus with the use of the 
vibration of a piezoelectric element, it is necessary to 
separately provide a sealing means in the case of using it. 

As the liquid-injection means, it is also possible to 
employ various means other than a pulse pump. For example, use 
can be made of a syringe represented by 13 in Fig. 2. By using 
this syringe which is driven by a stepping motor (also called 
a pulse motor) , a liquid can be quantitatively transported. It 



appears favorable to use this syringe, since the injection port 
5 is self-sealed by stopping the liquid transportation without 
causing back-flow of the liquid* 

It is also possible to seal the injection port by using 
a valve as shown in, for example, Figs. 3(1) and (2). Fig. 3(1) 
shows a case wherein a valve 16 is provided in an injection pipe 

8, while (2) shows a case wherein a valve 16 is provided between 
a cell suspension tank 15 and an injection pipe 8. In Fig. 3, 
14 stands for a liquid-injection means such as a pulse pump or 
a syringe. The valve 16 may be substituted by another member 
having a function comparable to a valve. For example, the 
liquid flow can be stopped by deforming a pipe made of a flexible 
and elastic material under pressure. 

The cell-injection port or the specimen-injection port 
formed on the substrate can be sealed by various means. For 
example, use can be made of a slide-type switching member 
represented by 17 in Fig. 4. Fig. 4(1) shows a case wherein 
a cell-injection port 5 is open for injecting cells. After 
injecting the cells from the cell-injection port 5, the 
cell-injection port 5 is closed by sliding the slide-type 
switching member 17 as shown in (2) . Next, the thus injected 
cells migrate on the flow of a liquid (for example, a buffer 
solution) , which is supplied by a liquid-inj ection means 14 and 
transported through an injection pipe 8, to the end of a channel 

9. After the migration of the cells, the pipe 8 is sealed with 
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the use of a means appropriately selected from the 
above-described ones. The slide-type switching member can be 
easily switched with the use of, for example, a stepping motor 
with controllable rotation speed. 

Fig. 5 shows a modification of the structure shown in Fig. 
4. Fig. 5(1) shows a case wherein a specimen-injection port 
6 is closed when a cell-injection port 5 is opened, while (2) 
shows another case wherein a specimen-injection port 6 is opened 
when a cell-injection port 5 is closed. 

Fig. 6 shows a case wherein a cell-injection port 5 is 
sealed with a flexible stopper 19. Namely, the cell-injection 
port 5 is tightly sealed with the stopper made of, for example, 
a filmy silicone rubber, polyurethane, polyethylene, crude 
rubber or the like having a high elasticity (Fig. 6(1)). Cells 
are injected by using a cell injector 20 penetrating through 
the stopper 19 (Fig. 6(2)). After injecting the cells, the 
injector 20 is drawn out. Thus, the hole in the stopper 19 is 
filled up owing to its elasticity and the cells 12 are brought 
together at an end of the channel 9 by the transported liquid 
flow (Fig. 6(3)) . As a substitute for the stopper, it is also 
possible to employ a tap or the like which is lightly closed 
in usual but easily allows the penetration of the injector. 

As a substitute for the structures of Figs. 1 to 6, 
moreover, use can be also made of a structure shown in, for 
example, Fig. 7 wherein a liquid is aspirated and discharged 



from the side of a specimen-holding well 4, which is located 
in the opposite side to a cell-holding well 3 having a bank 2 
between them, and thus cells 12 are brought together at one end 
of a channel 9 of a cell-holding well 3. Although the liquid 
is aspirated with a syringe 13 in Fig. 7, it may be substituted 
by another means having a similar function such as a pulse pump. 

The apparatus according to the present invention may have 
a structure in which a liquid (a medium of the cell suspension) 
is circulated. Figs. 8(1) to (4) present model views of such 
an apparatus. Fig. 8(1) shows a case wherein a cell-holding 
well 3 has an injection pipe 8 while a sample-holding well 4 
has an aspiration discharge pipe 21 and a specimen-injection 
port is sealed with a flexible stopper 19. As Fig. 8(4) shows, 
the liquid is circulated by using a means of transporting the 
liquid in a single direction, for example, a pulse pump 7. Figs. 
8(1) and (2) show each a case wherein cells are injected from 
the cell-injection port 5, while Figs. 8(3) and (4) show each 
a case wherein the liquid is transported in the direction 
indicated by an arrow so as to bring the cells together at one 
end of a channel 9. In this case, a chemotactic factor is 
injected from the specimen-injection port 6 through the stopper 
19. The specimen-injection port 6 may be sealed with the use 
of a means other than the stopper, for example, a slide-type 
switching member, a valve, a tap or the like. 

Fig. 9 shows an example, which is a substitute for the 
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structure of Fig, 8, wherein a cell-injection port 5 is sealed. 
As Fig. 9 shows, the cell-injection port 5 can be sealed with 
a flexible stopper 19. Alternatively, the sealing may be made 
with the use of a slide-type switching member, a valve, a tap 
or the like. 

Fig. 10 shows another modification of the apparatus 
according to the present invention wherein a cell-injection 
port 5 and a specimen-injection port 6 are both sealed. In the 
case of Fig. 10, the injection ports 5 and 6 are sealed 
respectively with flexible stoppers 19 and cells and a factor 
are injected through the respective stoppers. To bring 
together the cells at one end of a channel 9, liquid-transport 
means provided with a member (for example, a syringe 13) of 
stopping the migration of the liquid after the liquid 
transportation are provided in both of the cell-holding well 
3 side and the specimen-holding well 4 side. By driving these 
means in conjunction, a liquid is transported from the 
cell-holding well 3 side toward the specimen-holding well 4 side. 
It is needless to say that another means of sealing the injection 
ports such as a slide-type switching member or the like may be 
used as a substitute for the stopper. 

In the apparatus according to the present invention as 
discussed above, use may be made of a structure wherein the 
substrate and the glass substrate are integrated together and 
at least one of the faces thereof has light-permeability, i.e., 
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being transparent . 

Moreover, the present invention includes in its scope an 
integration apparatus for detecting chemotaxis of cells 
consisting of a plural number of units with the use of the 
above-described apparatus for detecting chemotaxis of cells as 
a single unit. For example, Fig. 11 shows a model assembly 
wherein units each having a sealed cell-injection port are 
connected via an injection pipe 8 so as to bring together the 
cells in individual cell-holding wells at the end of . a bank at 
the same time. In the case of Fig. 11, it is favorable that 
the injection pipe 8 is sealed at individual units with, for 
example, valves 16 so as to ensure the sealing in the 
cell-injection port 5 side. The means for sealing the 
specimen-injection port and the pipe may be appropriately 
selected form among various members as cited above. 

Fig. 12 shows a model view of an integration apparatus 
having the units of the type shown in Fig. 10. Stoppers 19 in 
this figure may be substituted by other means. By using this 
apparatus, effects of various specimens on a single type of 
cells can be examined simultaneously. Alternatively, a 
cell-injection port 5 and specimen-injection ports 6 may be 
interchanged each other. Owing to this structure, reactions 
of a single specimen with various type of cells can be examined 
simultaneously. 

Moreover, the present invention includes an integration 
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apparatus consisting of a plural number of integration units 
and an integration apparatus consisting of integration units 
of multiplicity of types. 

According to the present invention, such an apparatus can 
be downsized as a whole and a sample can be treated in a 
microquantity . By integrating a plural number of units, 
furthermore, a large number of specimens can be treated 
simultaneously. In addition, a liquid-aspiration/injection 
program can be easily controlled in the apparatus according to 
the present invention, which makes it suitable for fabricating 
an automated apparatus. 

Next, each part of the apparatus according to the present 
invention will be illustrated by reference to specific examples . 
However, it is to be understood that these examples are intended 
to illustrate the present invention, not by way of limitation, 
and variations can be made without departing form the spirit 
and scope of the invention. 

1) Structure of unit 

As Fig. 1 and other figures show, it is preferred that 
a bank 2 and wells 3 and 4 are integrally formed on a substrate 
1 . An optically flat glass substrate 10 is mechanically pressed 
against the bottom face of the substrate 1. The substrate 1 
and the glass 10 may be bonded together by heating. 

2) Well 
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The wells 3 and 4 aim at respectively holding a cell 
suspension and a specimen such as a chemotactic 
factor-containing solution or an inhibitor-containing 
solution. The capacity of the wells is not particularly 
restricted, so long as a liquid can be held therein in the minimum 
amount needed. For example, it is sufficient that the depth 
ranges from about 0.05 to about 0.1 mm, the width and the length 
are each about 1 . 2 mm. 
3) Channel 

Next, an example of the structure of a channel 9 (see Fig. 
1) will be illustrated by referring to Fig. 13. The channel 
9 is a space provided between a bank 2 (a convex on a substrate 
1) partitioning the wells 3 and 4 at both ends and the glass 
substrate 10. A flat terrace 23 is provided on the bottom face 
of the bank. Although the bank 2 is not restricted in size, 
it is preferred, for example, that the height of the bank 2 (i.e., 
the distance between the glass substrate 10 and the terrace 23) 
ranges from about 0.003 to about 0.03 mm, while the length in 
the direction toward the opposite well ranges from about 0.1 
to about 0.5 mm and the length in the direction orthogonal to 
the direction toward the opposite well is about 1. 2 mm. 
Needless to say, these dimensional factors may be varied 
depending on the purpose such as the type of the subject cells. 

The distance between the terrace 23 and the glass 
substrate 10 may be appropriately controlled depending on the 
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cells to be treated. Usually, it ranges from 3 to 30 nm. That 
is to say, the distance may range from 3 to 10 [xm (for example, 
4, 5 or 8 ^im) in the case of treating neutrophils, eosinophils, 
basophils, monocytes/macrophages, T cells, B cells and the like, 
and from 6 to 20 p in the case of treating cancer cells and 
cells existing in tissues. 

It is also possible to form a multistage terrace 23 to 
facilitate the migration of the cells toward an end of the 
channel 9. 

In a preferred embodiment, a plural number of barriers 
24 are formed on the bottom face (the terrace 23) of the bank 
2 to provide grooves 25 through which cells pass, as shown in 
Figs. 14(1) and (2). Fig. 14(1) is a sectional view of the bank 
2 having the barriers 24, while (2) is a top plan view showing 
the terrace 23, the barriers 24 and the grooves 25. 

In case where barriers 24 are formed on the terrace 23, 
the grooves 25 provided by the barriers 24 may have an arbitrary 
cross-sectional shape, for example, a V-shaped section, a 
convex section or a semicircular section. The grooves 25 have 
a width and a depth fit for the diameter or def ormability of 
cells . 

Fig. 14 (3) is a sectional view showing a case wherein the 
grooves 25 have a V-shaped section. 

The width of a groove 25 usually may range from 3 to 50 
\m. That is, an appropriate width may be selected depending 



on the cell type . The width may range from 3 to 20 |im (for example, 
4, 8 or 10 |iiri) in the case of treating neutrophils, eosinophils, 
basophils, monocytes/macrophages, T cells, .B cells and the like, 
and from 8 to 20 \im in the case of treating cancer cells and 
cells existing in tissues. The number of the grooves 25 is 
determined depending on the width of the barriers 24 and the 
width of the grooves 25 concerning the width of the channel 9. 
In case where the width of the channel 9 is 1 mm, the width of 
the barriers 24 is 10 \m and the width of the grooves 25 is 5 
jxm, for example, the number of grooves is 66 at the largest. 

It is also possible to form arrays of barriers 24 in two 
positions in both sides of the terrace 23 which is formed on 
the bank 2 (see Figs. 15(1) and (2)). By using this structure, 
cells having passed through the grooves can be easily observed 
and counted. By providing a mark 26 at an appropriate position 
in the center terrace 23, positioning can be easily made under 
a camera or a microscope (26 in Fig. 15) . It is desirable that 
the terrace located at the center has an area which can be 
included in the microscopic field. Fig. 15(1) is a top plan 
view while (2) is a sectional view. 
4) Construction of well and channel 

For the substrate 1, it is preferable to use a material 
which can be easily fine processed and is relatively inert to 
cells, for example, single-crystal silicon. The barriers 24 
and the grooves 25 can be easily constructed by subjecting the 
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single-crystal silicon to photolithography or etching (for 
example, wet etching or dry etching) employed in manufacturing 
integrated circuits. The wells 3 and 4, which are relatively 
larger than the barriers 24 and the grooves 25, can be 
constructed by using various known engineering techniques such 
as sand blasting and dry etching. 

In addition to single-crystal silicon, use can be made 
of hard glasses, hard plastics, metals, etc., so long as a 
microstructure can be constructed in the channel. 
Polydimethylsiloxane (PDMS) may be cited as an example of the 
plastics suitable for the construction of a microstructure . In 
the case of using plastics, it is preferable to employ a 
treatment for making the surface hydrophilic, for example, 
forming a hydrophilic film on the surface. To facilitate the 
observation of the cells, it is also preferable to subject the 
surface at least having the terrace 23 to specular finishing 
by, for example, silver deposition. It is also possible to 
separately construct the bank 2 and the wells 3 and 4 and then 
combine them together. 
5) Glass substrate 

As shown in Fig. 1 and other figures, the glass substrate' 
10 is tightly pressed against the substrate 1 to provide a space 
in which a liquid is held, thereby enabling the observation of 
cells passing through the channels. Thus, the glass substrate 
10 should remain optically transparent and flat and provide a 
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plane to which cells can adhere. Use can be made therefor of 
glass as well as plastics such as transparent acrylic resins, 
so long as the above objects can be achieved thereby. Although 
its thickness is not particularly restricted so long as no 
strain arises in the step of pressing against the substrate, 
the thickness adequately ranges from 0.1 to 2 mm. In the case 
where cellular constituents are fluorescent labeled arid 
observed, a thinner glass substrate 10 is preferred. 

In the case where the substrate 1 is made of a silicone 
wafer, it can be integrated together with the glass substrate 
10 by mechanically pressing. Alternatively, they may be bonded 
together by heating to 200 to 400°C. In this case, however, 
it is needed to select materials for the substrate 1 and the 
glass substrate 10 so that the coefficients of thermal expansion 
and the coefficients of thermal shrinkage thereof agree with 
each other. 

6) Pipe 

It is generally preferred that the injection pipe 8 and 
the aspiration discharge pipe 21 are made of flexible materials . 
In the case of using a pulse pump 7 , it is particularly needed 
that these pipes follow-up minor movements. Use can be made 
of, for example, PDMS, polyethylene, vinyl chloride, etc. 
therefor . 

7) Arrangement of a plural number of units 

By referring two wells connected to each other via a 
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channel as a single unit, a plural number of units maybe arranged 
and integrated on a single substrate. Thus, an apparatus 
whereby a large number of specimens can be simultaneously 
treated can be obtained. Units of the same type may be arranged 
in parallel or units of different types may be arranged. Namely, 
arbitrary arrangement may be employed depending on the purpose. 
In the case where a unit having two wells connected to each other 
via a channel has a major side length of 2 . 9 mm and a minor side 
length of 1.2 mm, for example, 14 (i.e., 7 in column x 4 in row) 
can be provided at intervals of 0 . 8 mm on a rectangular substrate 
of 16 mm in width and 10 mm in length. 

Such assemblies consisting of a plural number of units 
as described above may be further integrated. It is also 
possible to integrate different types of units together. 

In the case of integrating a plural number of units, use 
may be made of one glass substrate 10 covering all of the units. 
8) Detection means 

The detection means to be used in the present invention 
may be any means so long as cells which are passing through the 
channel 9 or have migrated therethrough can be detected thereby. 
If necessary, it involves a means of recording the detection 
data. Any means known as a means of detecting and recording 
cells is usable therefor. Use can be made of, for example, a 
microscope optionally combined with a video camera. It is also 
possible to employ a system having an objective lens provided 
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with a CCD camera. For the detection in integrated units, it 
is preferable to employ a system wherein the channels of the 
units are successively scanned along with an objective lens. 

As shown in Fig. 1 etc., the detection means is usually 
provided below the channel 9 in a unit. In an automated 
apparatus having a plural number of units integrated together, 
it is also possible to employ a system wherein arrays of the 
units successively come to a detection part located at a 
definite position for detection and recording. In this case, 
the channels of the aligned units are scanned with the detector. 
Either one or more scanning detectors 11 may be employed. Owing 
to this constitution, a relatively small number of detectors 
suffice for the detection in a plural number of integrated 
units . 

Cells which are passing or have passed through the channel 
9 can be detected and counted by directly observing the cells 
with a microscope. Alternatively, the detection and counting 
can be easily performed by preliminarily labeling the cells with 
a luminous or fluorescent substance and then capturing the 
luminescence or fluorescence in a conventional manner. 
9) Automatic controlling system 

The apparatus according to the present invention can be 
easily controlled automatically. For example, use can be 
made of an autopipette whereby injection, transportation and 
discharge of cells or specimens such as a factor can be 



controlled with a computer, a pulse pump or a syringe driven 
by a stepping motor as a means of transporting a liquid, and 
a slide-type switching member for opening and closing an 
injection port. Thus, the operation order and the operation 
level of each member can be controlled by computerized 
programming. In the case of using a stopper as a substitute 
for the slide-type switching member for opening and closing 
an injection port, it is unnecessary to control the switching 
operation . 

In an integrated apparatus, it is preferable to employ 
a pipette having a multichannel syringe. 

Industrial Applicability 

According to the structure of the present invention, it 
is possible to control the positioning of cells injected into 
a channel and bring together and align the cells at an end of 
the channel. It is also possible thereby to hold the cells in 
the above-described state and maintain a stable concentration 
gradient due to the diffusion of the specimen such as a 
chemotactic factor in a channel. Accordingly, quantitative 
data certainly reflecting the effect of a chemotactic factor 
or an inhibitor and the properties of cells can be obtained. 

By employing the structure according to the present 
invention, it is also possible to prevent disorders in the cell 
line and in the concentration gradient of a specimen formed in 
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the channel even though the apparatus is unexpectedly vibrated. 
Thus, the movements of the cells can be exactly understood. 

By using the structure according to the present invention, 
furthermore, the apparatus can be downsized. When this 
apparatus is applied to an apparatus for detecting chemotaxis 
of cells or separating chemotactic cells, namely, samples can 
be used in an amount 1/500 to 1/1000 times as much in the 
conventional cases with the use of a Boyden chamber. That is 
to say, a biological sample such as whole blood per se can be 
used as a sample in the apparatus according to the present 
invention. In the case of using whole blood as a sample, for 
example, measurement can be made by using 0.1 jxl or less of the 
blood in the case of detecting the chemotaxis of neutrophils 
and about 1 M-l of the blood in the case of detecting eosinophils, 
monocytes or basophils. 

The structure according to the present invention achieves 
a remarkable technical merit that the positioning of cells in 
a well can be delicately controlled and thus the apparatus can 
be easily automated. 

The unit of the apparatus according to the present 
invention can be in a microsize and thus a plural number of the 
units can be integrated together, which brings about another 
merit that an apparatus whereby a large number of samples can 
be simultaneously treated can be fabricated. In this case, an 
apparatus having an automated system of injecting and detecting 



liquids can be easily fabricated. 

In integrating a plural number of units, detection and 
separation for different purposes can be simultaneously carried 
out by combining and integrating units of different types 
together. Thus, the treatment efficiency can be elevated. In 
the case of an apparatus for detecting chemotaxis of cells, for 
example, the detection of various chemotactic factors or 
inhibitors for a single type of cells or the detection of the 
chemotaxis of different types of cells for a single chemotactic 
factor can be carried out at once. 
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